The paper aims to compare different measurements of openness and calculate what impact economics openness has on economic growth. Economic openness is measured by using: KAOPEN index; tariffs; and trade ratio. The methods of comparative, statistical and econometric analysis were used in this paper. The results of this study confirmed that economic openness has an impact on the country's economic growth. The study found that all three ways of measuring economic openness reveal only part of the concept of economic openness. Keywords: GDP growth, economic openness, measurement.
Introduction
International trade in goods and services is growing constantly and the effect of it becomes bigger on each participating economy. Globalization has changed patterns of trading unrecognizably since the middle of XX century and thus scholars are more and more interested what effects does it have on economies.
A significant number of theoretical models that prove the indirect positive effect openness has on growth can be found rather easily. Despite that, empirical evidence is still controversial. Models trying to evaluate the relation are constantly criticized because of the data or because of the questionable robustness of their findings. Part of this criticism also comes because of a rather straightforward reason -there is still no unanimous opinion on what economic openness is. Some see it as an evaluation of barriers to trade each country creates, while others think it is enough to evaluate imports and exports as a share of the gross domestic product (GDP) or to use an already created index that includes number of aspects. Until this issue is not resolved, it is hardly possible to find the answers concluding the discussion about the effect that openness has on economic growth.
In this paper, using panel regression and data of European countries for years 2000-2015, effect of openness to GDP growth will be tested while expressing openness in three most commonly used ways: 1) by employing an already created index, i.e. KAOPEN; 2) by using simple trade ratio; and 3) by using tariffs.
Research object -openness of 35 European countries.
The aim of this work is to prove that economic openness has impact on economic growth and compare different measurements of openness.
The objectives of the article are as follows:
1) Analyze concepts of economic growth and openness.
2) Compare works by previous authors that analysed relations between economic openness and economic growth.
3) Construct a model for econometrical analysis.
4) Gather and discuss statistical data needed for model testing.
5) Test the model with different measures of openness and discuss the results.
The research methods: comparative analysis of previous literature, statistical analysis, econometric analysis.
Literature Review
Economic growth is a concept which is widely agreed upon -main economic indicator of country's well-being, showing the increase of the value of all products and services the country produces over a period of time. The questions arise when one thinks about sources of growth -especially in nowadays world, where the three classical ones, i.e. labor growth, technical progress and capital accumulation, are not enough. To fill this gap, scholars experiment by adding different factors to the growth models, one of the most interesting being the openness of the economy.
The most basic way of understanding openness is rather straightforward -the more country trades, the more open it is and no other factors matter. Thinking in this manner, all countries are more or less open in the world and that might be the end of the researches and discussions. However, scholars of international economics (Chinn & Ito, 2007; Harrison, 1994; David, 2007; etc.) rarely stay by this explanation as there is a need to know the exact level of openness of a certain economy if one needs to understand what and how it affects. For this reason, more complex ways for understanding openness can be used; for example, defining it as narrow or broad. In the broader sense, openness can be described as the openness of market of certain country to trade (basically it is the most basic approach of economic openness), while the narrow -the level of difficulty private capital faces.
So, simply put, in theory economic openness usually refers to difficulties trade faces, whether it is on state or private level. However, this concept still was and is not enough for the majority of scholars (Chinn & Ito, 2007 Chinn and Ito (2006) . However, due to purposes of this article, the last group is the most interesting and will be discussed in more detail.
Since there exists vast amount of factors that have impact on economic openness, they are usually grouped into categories. For example, based on David (2007) , these factors can be grouped as follows: 1) trade ratios; 2) price-based; 3) adjusted trade flows; 4) tariffs; 5) non-tariff barriers; and 6) composite indices. The first three categories consist of the measures that give a view of the trade flows and levels of prices, while the last three refer to the barriers for trade. According to David (2007) , it is a necessary distinction as although it would be easier to measure barriers, it is harder to do so since they are not evaluated annually. Ulaşan (2012) , on the other hand, classified measures of openness to four categories instead of six: 1) trade volumes; 2) deviation measures; 3) direct trade policy measures; and 4) ubjective indexes. While Zhou and Li (2010) used five categories: 1) economic integration; 2) economic freedom; 3) technology connectivity; 4) personal contact; 5) international engagement. Although in all three cases the same base factors, such as export and import or tariffs, are included, differences occur when authors try to incorporate not so straightforward but nonetheless important things (for example, personal contact and international engagements by Zhou and Li, 2010) . The summary of previous models used for growth-openness relation is shown in Table 1 .
From examples shown in Table 1 (Table 2) .
Some scholars, such as Edwards (1997), acknowledge positive effects, for example, more open countries are more able to adopt technologies and good practices used in the leading countries of the ones they trade with and thus grow faster, or that economic openness leads to bigger productivity growth in the long-run. Harrison (1994) agreed to the positive effect of economic openness and claimed that the only thing that matters in order to evaluate the impact is the trade orientation which already shows positive association with GDP growth even when labor and capital is being controlled. "The simplest measures of trade orientation are based on actual trade flows, such as imports plus exports as a share of GDP or the growth rates of imports and exports.
[…] One problem with this approach, however, is that trade flows are at best an imperfect proxy for trade policy. Other factors, such as country size or foreign capital inflows, also affect trade" (Harrison, 1994, p. 241 
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estimate the true impact due to reverse or simultaneous causation. Harrison (1994) agreed to the positive effect of economic openness and claimed that the only thing that matters in order to evaluate the impact is the trade orientation which already shows positive association with GDP growth even when labor and capital is being controlled. "The simplest measures of trade orientation are based on actual trade flows, such as imports plus exports as a share of GDP or the growth rates of imports and exports.
[...] One problem with this approach, however, is that trade flows are at best an imperfect proxy for trade policy. Other factors, such as country size or foreign capital inflows, also affect trade" (Harrison, 1994, p. 241). As Lee et al. (2004) argued, it is most likely that all measures of economic openness are closely linked with the economic growth and thus it is hard to estimate the true impact due to reverse or simultaneous causation.
On the other hand, Rodriguez and Rodrik (2001) in their research found that economic openness may not have a positive impact on economic growth due to lack of robust evidence. They claimed that the positive relation between the openness and growth cannot be fully trusted because of lack of suiTable control variables. They, as well as other scholars, continued to argue this idea and claimed that the omitted variables may also create positive relationship between openness and growth (Rodriguez & Rodrik, 2001; Hallak & Lecinsohn, 2004) .
Despite the doubts about the robustness of the findings, Rodriguez and Rodrik (2001) still find a possibility of positive relation between growth and openness. "What we dispute is the view, increasingly common, that integration into the world economy is such a potent force for economic growth that it can effectively substitute for a development strategy" (Rodriguez & Rodrik, 2001 , p. 318). But there are others who see the negative impact openness has on GDP growth. For example, Matteis (2004) tries to prove that economic openness has a strict limitation on economic growth, especially for younger and weaker economies since they are exposed to market fluctuations of international arena.
In addition to that, there were also ideas that the more open the economy is, the worse situation is for the domestic producers since imported goods can become more attractive than local production and thus the domestic economic situation can be worsened (Leamer, 1995; Slottje & Batra, 1993) . They argue that such effect can appear when the government presents lower trade tariffs, therefore imported production becomes more attractive than the local one.
Data and Methodology
Following Mankiw, Romer and Weil (1992) , in this paper the augmented neoclassical growth model will be used for the analysis. Mankiw et al. (1992) used neoclassical growth model and took rates of saving, technological progress and population growth as exogenous, as suggested by Solow (1956) . "Yet all is not right for the Solow model. Although the model correctly predicts the directions of the effects of saving and population growth, it does not correctly predict the magnitudes.
[...] To understand the relation between saving, population growth, and income, one must go beyond the textbook Solow model. " (Mankiw et al., 1992 , p. 407) And they "went beyond textbook model" by introducing one more variable into equation -human capital. This was done to avoid biased results of the coefficients for population growth and saving.
The model used in this paper will be constructed in the same manner: the independent measures used will reflect savings in a country as well as the population growth during the years. In order to analyse technological progress of a country, changes in Internet usage will be calculated and human capital will be reflected in a narrow, but still rather complicated manner -by looking into the number of pupils enrolled into secondary education in both public and private schools. To test relationship between economic openness and economic growth, openness is added. Thus the ground function of economic growth is the following:
The model is constructed in a way that growth is dependent variable, not openness, because authors of the paper are not aware of any cases where country became open to international arena (therefore, international trade), and was disappointed with the results (little benefits or slow economic growth) and thus closed its economy again. The assumption is made that no such case actually exists throughout history and therefore growth is dependent variable in the model. It will be measured by using one of the most common proxies, gross domestic product growth, and calculated as follows. GDP at purchaser's prices was computed by World Bank as sum of gross value added by all producers (residents) in the economy plus product taxes and subtracted subsidies that are not included in the value of products. Using this, and data of labor force size, the GDP growth per worker is simply the ratio of the two.
Part of the control variables is not troubling (Table 3 ). The savings of the country While arguing about the next measure, human capital, for which enrollment into secondary education will be taken as a proxy, it is necessary to understand the reasoning of ignorance for other spheres, like health and others that could also be included into concept of human capital. There were two reasons why education enrollment was chosen as a proxy for human capital. First of all, taking such narrow approach to human capital solves some (but definitely not all) problems that occur with the measurement of human capital.
These problems occur because of various reasons; a good example would be opportunity costs -according to Mankiw et al. (1992) , learning process not only forces pupils to spend money needed for their education but also means that they are (usually) not working at the time of learning, thus the product they would be able to create during the time of learning, is lost.
And the second reason why human capital was measured only by school enrollment rates is that ideas about the measurement proposed by Romer (1989) and Barro and Lee (2012) were taken into account. Romer (1989) was one of the scholars that linked human capital, measured by knowledge and values a person gets during his education process, with economic growth. However, he suggested the usage of ratio between skilled and unskilled adults which was not applied here because of the shortage of annual data for analysed countries. Therefore, the example of Barro and Lee (2012) was followed, who suggest measuring human capital by school enrollment rates. It is known for the authors, that this view was criticized as it shows effectiveness only before the education process itself -"the method includes a drawback that a student's effectiveness can be recognized after participating in production activities" (Kwon, 2009, p. 6) . However, this approach was also used by Mankiw et al. (1992) thus it will be used here in order to follow the basis of the theoretical model.
In this paper the biggest attention is given to secondary education enrollment based on the same reason (following Mankiw et al., 1992) and also because of data by Eurostat, which states that "in general, compulsory education is completed at the end of lower secondary education, although in some countries it continues into upper secondary education" (Eurostat, 2017) , meaning that the biggest share of working age population which has impact on economic growth by participating in its creation should have at least secondary education.
While discussing the hypotheses, it is worth mentioning that this paper follows the ideas of previously analyzed authors (Solow, 1956 ; Mankiw et al., 1992; Blanchet, 1991) regarding expected results of the effects that controls have on growth, and it is expected that variables will have similar impact on growth as in those models. Human capital in the long-run, as well as technological progress, should spur the economy, while savings should also make country richer. Meanwhile, there is variety of opinions about the impact of population growth on economy, therefore the results of Blanchet (1991) , who claimed that there is no causal relation between population and economic growth will be considered as the truth. While making hypotheses for the short-run, all the above-mentioned variables are expected to have negative impact on economic growth, except population growth and technological progress.
The independent variable, i.e. openness, will be expressed in 3 most commonly used ways to compare the results: 2. The second way openness will be measured is the ratio of exports and imports to GDP, usually referred to as "current openness". Although it is not the best way of measuring openness for various reasons, it is still one of the measures used in models of economic openness since it quite well shows the amount of international trade that country participates in and because the data required for the ratio is easily and widely available annually. Therefore, it is worth looking what results does it show while considered as a possible proxy for openness.
3. And the third way for measuring openness will be tariffs. According to David (2007) , they directly fall under the category of tariff barriers and should reflect difficulties to trade in the most direct way. To avoid one of the threats while using tariff rates as a proxy for trade policy, overstating the height of average tariffs, the weighted mean tariff rates will be used. They have been calculated by the World Bank (2017) and when the effectively applied rates were not available, the most favored nation rates were used instead.
It is expected, that openness proxies should have a positive impact on economic growth of countries. Despite that, it is worth noting that tariffs look more logical used as a proxy for restraints to trade rather than openness, therefore the effect they have on growth should be negative in order not to reject the hypothesis about positive openness impact on growth.
The panel model used in this paper will be tested for 35 European countries (Table 4) for years 2000-2015, using the following base model:
∆ln(growth i,t) = α + β 1 ∆ln(internet i,t ) + β 2 ∆ln(labor_force i,t ) + β 3 ∆ln(education i,t ) + β 4 ∆ln(savings i,t ) + β 5 ∆ln(openness i,t ) + δ 4 time2003 t + ... + δ 16 time2015 t + ∆u i,t , (2)
where i -country; t -time; openness will be 1) trade ratio; 2) tariffs; and 3) KAOPEN index.
Necessary specifications for each case of openness expression will be provided near the related calculations later in the text.
Before testing the model, it is worth looking into the statistical properties and correlation of the data after calculation of annual average changes (see Tables 5 and 6 ). Tariffs and trade ratio have lower variability ratios and are relatively stable, although tariffs vary more than trade ratio.
The biggest annual average growth of trade ratio (7,76) was calculated for Iceland, while the lowest (-0,27) -for Moldova. For tariffs, biggest average annual growth was experienced in Moldova, too (3, 13) , and the lowest -in Albania (-6,03). What is interesting about KAOPEN index, during the years there was one country in Europe that had KAOPEN equal to theoretical minimum (-1,89) . That country is Ukraine and its' KAOPEN was calculated as minimum quite recently -for the years since 2009. In the period of 2000-2009 the index was also low, but a bit higher that minimum. At the same time, maximum openness according to KAOPEN (2,39) was reached at least for 1 year in most of the countries from the variation (26 out of 35 countries).
The correlation coefficients between exogenous variables from the model used in this paper are shown in Table 6 ; it is calculated for each possible pair. Concerning correlation between independent variables, biggest one is seen between education and labor force (0,75), while the lowest one -between savings and labor force and savings and education (approximately -0,41). Looking at relations between dependent and independent variables, strong correlation between savings and growth is visible (approximately 0,57) and internet seems to have little but positive correlation with growth, too. Meanwhile correlations between labor force and growth, and education and growth seem to be strongly negative. In contrast to the hypothesis, tariffs and economic growth seem to have positive correlation (0,16) and trade ratios -negative correlation (-0,03). However, any argument cannot be expanded without making further investigation.
Model Testing with Trade Ratio
The first case of openness expression is trade ratio. To avoid impact of outliers for the model, data were examined using scatter plots and three countries -Moldova, Serbia and Romania -were excluded and not used in further calculations. Moreover, in this case base model (Equation 2) is implemented by adding lagged education, savings and openness.
After running an OLS estimation and correction of autocorrelation and heteroscedasticity using the Arellano method, the results were as follows (Table 7) . Neither savings in the short-run, nor savings in the long-run have statistically significant impact on economic growth. However, internet has small but positive and statistically significant impact on economic growth, while labour force and education in the short-run affect growth negatively. Proxy used for measuring economic openness, trade ratio in the long-run, seem to have small positive but statistically not significant effect for economic growth while in the short-run it has negative and statistically significant impact. The model explains around 77 percent of total variation. Thus, despite the fact that trade ratio is far from perfect economic openness proxy, it can be concluded that trade ratios in the short-run affect economic growth negatively. Keeping in mind that the hypothesis was that the bigger the trade ratio, the more open the country is, such results mean that hypothesis was not true.
However, there are several drawbacks why the results cannot be fully trusted. The main one is that the conclusion that the more country trades, the less open it is, does not seem logical. This problem was noticed by Ulaşan (2012) . After testing openness impact on growth, he also came to conclusion that some big countries, such as Japan and United States of America, can be the most closed economies from the tested sample but this result is not likely to be true. Another thing Ulaşan (2012) pointed out is that "the volume of international trade is affected not only by trade policies but also by other factors such as transportation costs, world demand, geography, natural resource dependence and so on" (p. 16).
Model Testing with Tarrifs
The second model tested uses tariffs as a proxy for openness, or, more precisely, level of protectionism. Therefore the effect should be negative. As before, countriesoutliers were identified and removed from the estimations (countries Moldova, Iceland, Albania, Croatia and Ukraine). The base model (Equation 2) was implemented by adding lagged savings and using only lagged tariff.
After an OLS estimation and model testing against autocorrelation and heteroscedasticity, Arellano model was needed. However, the test for multicollinearity signaled that there might be a problem with tariffs, but no corrections are yet needed. This can be understood because of the fact that majority of tested countries belong to European Union and thus apply same tariff rates. The results of the corrected model are shown in Table 8 . Education in the shortrun does not have statistically significant impact, however, the value of coefficient is negative. Savings in the long-run have small positive impact as well as savings in the short-run and internet. Education in the long-run has positive but not statistically significant impact. However, labor force in the short-run has negative impact on growth. Moreover, proxy for openness, tariffs in the long-run, also seem to have statistically significant negative impact on economic openness. This result agrees to the hypothesis that the more tariffs there are in a country, the less open it is and the lower economic growth it experiences.
From the conclusion it is already visible that tariffs are better proxy for economic openness since they directly capture openness, or more precisely, barriers to international trade. However, they are not the only instruments that countries use for formation of international trade policies (barriers are commonly divided into tariff and non-tariff), and therefore they still fail to capture every aspect of international trade which is needed to fully evaluate openness impact on economic growth.
The model explains around 83 percent of total variation according to R-squared and adjusted R-squared.
Model Testing with KAOPEN Index
Finally, the model will be tested while using already-made index by Chinn-Ito (KAOPEN) as a proxy for economic openness. The model will be tested using dynamic panel model since Chinn-Ito index tend to change very little throughout sample size. Before testing the model there were some changes done to the index values. Since Chinn-Ito (KAOPEN) index has both positive and negative values, all of them were made positive by adding the smallest sample size value to all observations. This way KAOPEN was prepared for differentiation and adding of logarithm. The new variable was named kaopen_teig in the model and its values vary from 0 to 4,2839. Such change was possible because index has clear theoretical minimum and maximum (-1,89 and 2,39 respectively). No outliers were detected and removed from the sample, while the base model (Equation 2) was implemented by adding lagged savings.
The results (Table 9) show that internet, savings in the long-run and both education in short-and long-run do not have statistically significant impact on economic openness. Meanwhile, savings in the short-run have positive impact (coefficient equal to 0,14), while labor force seem to have very statistically significant strong negative impact to growth (coeff. -0,73). At the same time, proxy for openness, KA-OPEN, has statistically significant but very little effect on economic growth and thus it can be concluded that hypothesis about economic growth and economic openness should not be rejected. However, although the index is supposed to reflect economic openness of a country in the best way out of all three tested in this paper, Chinn-Ito index is also not a perfect proxy for measuring openness. The first reason for that is that index varies very little, thus it is hard to say the exact size and width of the openness -during the analysis of data it was noticed that all economically similar countries have the same index during all analyzed period of time, therefore it was hard to estimate differences between policies of international trade of those countries and understand which has less restrictive regimes for trading. Secondly, index value was usually the highest possible according to the limits applied by its creators. Therefore, question if those countries cannot become more open by removing existing tariff and nontariff barriers as well as other means of regulating international trade arises.
Conclusions
This work analysed the relationship between economic growth and economic openness with biggest attention to the fact that there is no agreed way of how to measure economic openness. First, it revisited works of previous scholars and then three models were tested empirically, using data of 35 European countries for the period of 2000-2015. Three growth-openness relation models were constructed using basis suggested by Mankiw et al. (1992) and augmenting that model by adding measure of openness.
In order to analyse the main problem of the paper, issue of economic openness measurement, three proxies, widely used in literature, were tested in three models of economic growth. In one model trade ratio as measure for openness was used, in another -tariffs and in the third oneChinn-Ito (KAOPEN) index. All three models conclude that openness in general boosts economy of a country but the size of that boost most likely depends on what kind of country it is -economically developed or not.
This paper was also aiming to prove that there is no known and internationally agreed perfect measure for economic openness which would include all its aspects. Although our empirical analysis showed the expected results on growth (same as Harrison, 1994 It is also worth discussing limitations of tested models. First, the sample size is relatively small -only 35 countries belong to it and in two of the 3 models less than 35 countries' data was tested due to elimination of outliers. In comparison, previously analyzed works had sample sizes of, on average, 75 countries therefore their conclusions are stronger than ones in this paper. The same problem can be seen in time period, too. In all three models tested in this paper only period of 2000-2015 was analyzed and despite the fact that it is interesting in respect to international events that occurred and affected all areas of economics, it is still rather small compared to other authors. However, these drawbacks are present partly because of lack of data in World Bank database since authors did not want to use several databases and mix different methodologies used for data collection.
Second limitation is that majority of countries from the sample are similar in their international trade policies as they belong to European Union. Therefore, in order to get better and more trustworthy results it would be useful to include more various countries -from other continents, belonging to other international organizations and having different foreign trade policies, or to add more proxies that could be used for the measurement of openness.
However, this paper successfully provides theoretical basis on growth-openness relation while compares several accomplished researches in respect to what their authors thought to be the best proxy for measuring openness. Moreover, in empirical models ways of understanding and expressing openness are analyzed by grouping them, thus it is easier to compare approaches to openness. In the paper also not only theoretical comparison but also an empirical comparison between impact of openness, expressed in different proxies, is made -this also allows to see how openness, or, frankly, parts of openness, affect economic growth both in the short-and in the long-run. One more aspect that can be considered a novelty while comparing the work to previous researches is the timespan of data used for empirical analysis. Articles mostly analyze relation between economic growth and openness using data of the end of XX century, while this article is based only on data from the beginning of XXI century.
These aspects allow the analysis to be used in further discussions and expanding the research in various ways, for example, adding countries from different parts of the world or expanding the analysis in the terms of analyzed period in order to test if, after the expansions, general results remain the same and openness really has a positive impact on economic growth.
2000-2015 m.; 2) tirti atrinktos šalys panašios savo tarptautinės prekybos politika, nes dauguma jų priklauso Europos Sąjungai. Todėl, norint gauti tikslesnius ir patikimesnius rezultatus, į tolesnius tyrimus būtų naudinga įtraukti daugiau ir įvairesnių šalių: iš skirtingų žemynų; priklausančių skirtingoms tarptautinėms organizacijoms; taikančioms skirtingas užsienio prekybos politikas. Taip pat būtų tikslinga įtraukti ir daugiau ekonomikos atvirumo matavimo būdų.
